Abstract. Chronic pancreatitis/pancreatic cancer (CP/PC) is characterized by fibrous connective tissue proliferation induced by activated pancreatic stellate cells (PSCs). Galectin-1 is upregulated in activated PSCs and is important for the continuing activation of PSCs. The aim of this study was to evaluate the effect of galectin-1 derived from activated PSCs on the progression of fibrosis in CP/PC. To this end, the expression of desmin, α-SMA, galectin-1, fibronectin and collagen type I in normal pancreatic, CP and PC tissues, as well as quiescent/ activated PSCs, was investigated. The proliferation rate and migration ability of control, galectin-1-overexpressing and galectin-1-silenced PSCs were also evaluated, as well as the mRNA and protein expression of fibronectin, collagen type I, α-SMA, tissue inhibitors of metalloproteinases (TIMP)-1, MMP-2, Smad2 and TGF-β1. Furthermore, the effect of adding a TGF-β1 receptor inhibitor on the expression of these proteins was examined. The results revealed that the expression profile of desmin, α-SMA, galectin-1, fibronectin and collagen type I in the normal pancreas was similar to that of quiescent PSCs and the expression profile in CP/PC tissues was similar to that of activated PSCs. Furthermore, galectin-1-overexpressing PSCs exhibited a significantly higher proliferation rate and migration ability, while galectin-1-silenced PSCs exhibited a significantly lower proliferation rate and migration ability than the control PSCs. The expression of fibronectin, collagen type I, α-SMA, MMP-2 and TIMP-1 was also significantly higher in the galectin-1-overexpressing PSCs than the control PSCs and this effect was found to be mediated by the TGF-β1/Smad pathway. The trends in the expression of these factors were reversed in the galectin-1-silenced PSCs. From these findings, it can be concluded that overexpression of galectin-1 promotes PSC activity (proliferation and migration) and stimulates fibrosis by increasing extracellular matrix synthesis and decreasing the MMP/TIMP ratio via the TGF-β1/Smad pathway. Thus, galectin-1 may be a novel candidate for reversing or halting fibrosis progression in CP/PC.
Introduction
Chronic pancreatitis (CP) is a serious disease that is characterized by progressive inflammation of the pancreas and fibrosis, which result in exocrine and endocrine dysfunction (1) . Pancreatic fibrosis is closely associated with CP and pancreatic cancer (PC) and it induces severe damage in the pancreas. CP and PC are characterized by a desmoplastic reaction that involves activated pancreatic stellate cells (PSCs) (1) (2) (3) . This reaction promotes the growth and invasion of tumor cells (3) (4) (5) . The activation of PSCs has been previously proposed as the key initiating step in pancreatic fibrosis (6) and a major source of extracellular matrix (ECM) deposition during pancreatic injury (7) . Activated PSCs are believed to significantly contribute to the progression of pancreatic diseases and may therefore, present beneficial therapeutic targets (3, (8) (9) (10) (11) . Furthermore, the activation of PSCs is associated with the secretion of various inflammatory cytokines/chemokines, as well as collagen (12, 13 PSCs and the effects of activated PSCs on pancreatic diseases would help identify treatment targets for pancreatic fibrosis associated with diseases such as CP/PC. Transforming growth factor (TGF)-β, a potent pro-fibrotic factor that plays a functional role in the pathogenesis of pancreatic fibrosis (14) , is responsible for the activation of PSCs (15) . Following stimulation with TGF-β, PSCs exhibit enhanced expression of significant ECM proteins, including collagen and fibronectin. Concurrently, TGFβ inhibits the degradation of ECM by blocking the secretion of proteases, such as matrix metalloproteinases (MMPs) and stimulating the production of naturally occurring protease inhibitors, such as tissue inhibitors of metalloproteinases (TIMPs) (16) . To date, previous studies have revealed that PSCs are the main source of ECM proteins in pancreatic fibrosis (16) and that the activation and collagen synthesis of PSCs are highly controlled by TGF-β1 (17) . TGF-β1 is a subtype of the TGF-β family, which is multifunctional and increases significantly in CP (in both human and animal models) (18) .
Galectins are a growing family of β-galactoside-binding animal lectins that have been implicated in a variety of biological processes, including fibrosis, angiogenesis and immune activation (19) . Galectin-1, a member of the galectin family, is strongly expressed in fibroblasts, which have been recognized as activated PSCs, in CP/PC (20) . Galectin-1 has high affinity for β-galactosides and induces collagen synthesis, chemokine production and proliferation of PSCs in CP/PC (7, 20, 21) . In addition, previous studies have revealed that galectin-1 plays a role in the desmoplastic reaction associated with PC (22) . Furthermore, it has been reported that TGF-β1 alone or TGF-β1 together with galectin-1 induces the transition of human dermal fibroblasts to myofibroblasts (23) and that galectin-1 may promote the TGF-β1-induced differentiation of fibroblasts by sustaining nuclear localization of Smad2 in pulmonary fibrotic diseases (17) . however, it is not known whether galectin-1 plays a fibrogenic role in CP/PC and which is the related underlying mechanism. Therefore, the present study was designed to investigate the potential fibrogenic role of galectin-1 in activated PSCs in CP/PC using immunohistochemical methods under in vitro conditions.
Materials and methods
Patients and pancreatic tissues. The clinicopathological characteristics of patients, the PDAC, CP and normal pancreatic control tissues, as well as the histological evaluation of these specimens have been previously described (21, 24, 25) . From January 2006 to december 2010, PC tissue samples were obtained from 66 patients undergoing pancreaticoduodenectomy for PC and from 18 patients with CP at the First Affiliated hospital of Nanjing Medical university, (Jiangsu, China). The PC patients comprised 45 men and 21 women with a median age of 55 years (range, 37-83 years) and the CP patients comprised 13 men and five women with a median age of 54.5 years (range, 27-71 years). Ten normal pancreatic control tissue samples were obtained from patients undergoing partial pancreatic resections for bile duct or duodenal ampullary cancer. All procedures performed involving human participants were in accordance with the ethical standards of the ethics committee of The First Affiliated hospital of Nanjing Medical university and with the 1964 helsinki declaration and its later amendments or comparable ethical standards.
Compliance with ethical standards. Informed consents were obtained from all the patients for their participation in the study, which was approved by the ethics committee of The First Affiliated hospital of Nanjing Medical university (Jiangsu Provincial People's hospital). Every participant provided a written informed consent to participate in this study and the copies of the written consents of participants were reserved in our laboratory and can be obtained at any time. The participants signed the Letter of Information and Consent and each one held and saved a copy of the informed consent. The ethics committee approved this consent procedure, which has been recorded in the Consent Form of the Ethics Committee.
Cell and culture conditions. Primary human PSCs were isolated, identified, maintained and passaged as previously described (21, 24, 25) . The cells from passage numbers 0-5 were used for all assays.
Preparation and transduction of recombinant lentiviruses.
The plasmids used for preparing the recombinant lentiviruses have been previously described (21) . briefly, the galectin-1 gene fragment was excised from a human cdNA library and cloned into phAGE-CMv-MCS-IZsGreen between the BamhI and XhoI restriction sites. Galectin-1-specific oligonucleotides were ligated into the pLKO.1-puro vector (21) . The study groups were as follows: overexpression Galectin-1-PSC (Over), normal PSC control group (Control), knockdown shRNA-Galectin-1-PSC#1 (Sh-1) and shRNA-Galectin-1-PSC #2 (Sh-2).
Wound healing assay. PSCs were seeded in 24-well culture plates and grown to reach confluency. After starvation for 12 h, the monolayers were wounded by scrapping off a strip of cells with a 200-µl pipette tip. The cells were incubated for 24 h. Subsequently the cells were fixed, images of three different segments of the 'wound' area on each well were captured at an x10 magnification, using the olympus dP71 camera (olympus Optical Co. Ltd, Tokyo, Japan) and the cell numbers inside the wound boundaries were counted.
In vitro migration assay. PSC migration through Matrigel was determined using 6-well Corning Transwell chambers (8.0-µm pore size with a polycarbonate membrane) as previously described (26) . briefly, the upper chambers were coated with diluted Matrigel (1 mg/ml, 356243; bd biosciences, bedford, MA, uSA) and incubated at 37˚C in 5% Co 2 for 3 h. After trypsinization, PSCs were suspended in DMEM with 10% FbS at 1x10 5 cells/well and immediately placed onto the upper compartment. After 24-h incubation, nonmigrated cells were removed from the upper surface of the membrane by wiping with cotton-tipped swabs. The cells on the lower surface of the membrane were stained with 0.1% crystal violet for 10 min and photographed at an x10 magnification using the olympus dP71 camera (olympus optical). The crystal violet was then bleached using 500 µl 33% acetic acid. Absorbance at 570 nm was determined using a microtiter plate reader.
In vitro proliferation assay. PSC proliferation was determined by methyl thiazolyl tetrazolium (MTT) assay (Sigma-Aldrich, St. Louis, MO, USA) as previously described (27) . PSCs (5x10 5 ) were seeded in 6-well plates, cultured with 10% fetal culf serum (FCS) for 12 h until the cells adhered to the plate and then, exchanged the medium and the proliferation was detected at 24, 48, 72 h. The results were expressed as absorbance at 570 nm in the microtiter plate reader.
Western blot analysis. Western blotting was performed as previously described (21, 24, 25) . The following antibodies were used: mouse anti-Galectin-1 antibodies ( 
Quantitative reverse transcription-polymerase chain reaction.
Total RNA was extracted from all the cultured groups of PSCs using TRIzol reagent (Invitrogen Life Technologies, beijing, China) according to the manufacturer's instructions. Quantitative reverse transcription-polymerase chain reaction (qRT-PCR) was performed as previously described (21, 24, 25) . The sequences of primers used in the present study are shown in Table I .
Immunohistochemical staining and evaluation. Pancreatic tissue samples were fixed by immersion in 4% paraformaldehyde overnight at 4˚C and then embedded in regular paraffin wax and cut into 4-µm sections. Immunohistochemical detection and analyses were performed as previously described (21, 24, 25) . The primary antibodies used were as follows: mouse monoclonal anti-Galectin-1, anti-fibronectin antibodies, anti-collagen type I antibodies, anti-α-SMA antibodies, or anti-Desmin antibodies. The results of the immunohistochemical staining were evaluated by two experienced pathologists.
Statistical analysis. values are expressed as the mean ± standard deviation (Sd). All experiments were performed in triplicate. one way ANovA and t-tests were performed using SPSS 13.0 software (SPSS Inc., Chicago, IL, uSA) to compare differences between groups. All P-values were two-sided and P-values <0.05 were considered to indicate a statistically significant difference.
Results

Role of activated PSCs in fibrosis associated with CP/PC.
Desmin and α-SMA are important markers of the quiescent and activation statuses of PSCs, respectively (21, 28) . Activation of PSCs is regulated by a complex network of growth factors and cytokines and is associated with increase in the expression and release of collagen I and II, fibronectin and other components of the ECM in PSCs (29) (30) (31) . With the development in the deposition of ECM components, pancreatic fibrosis gradually increases. To understand the role of PSCs in pancreatic fibrosis, we performed immunohistochemical staining for desmin, α-SMA, fibronectin and collagen type I in normal pancreatic, CP and PC tissues. Immunohistochemical staining revealed that desmin was positively expressed and that α-SMA, fibronectin and collagen type I were negatively or weakly expressed in the normal pancreas, in which the expression profile was consistent with that of PSCs in the quiescent stage (Fig. 1) . however, desmin was weakly expressed and α-SMA, fibronectin and collagen type I were positively expressed in CP/PC tissues, in which the expression profile was consistent with that of PSCs in the activation stage (Fig. 1) . In addition, galectin-1 was negatively expressed in normal pancreatic tissue and quiescent PSCs and was positively expressed in CP tissue and activated PSCs. Thus, galectin-1 expression was also associated with the activation stage of PSCs and the degree of fibrosis of pancreatic tissue (Fig. 1) .
Effect of galectin-1 on the proliferation of PSCs. In order to obtain PSCs with different expression levels of galectin-1 that reflect different pancreatic conditions, lentiviral sh1RNA-galectin-1 and sh2RNA-galectin-1 transduction in PSCs was performed. PSCs that overexpressed galectin-1 were purified by screening for green fluorescent protein (GFP) using flow cytometry and PSCs that contained the galectin-1-silenced plasmids (sh1RNA-and sh2RNA-transduced galectin-1-knockdown PSCs) were selected with puromycin. The MTT assay results revealed that galectin-1-overexpressing PSCs had a significantly higher proliferation rate than the control PSCs (P<0.05). Furthermore, the galectin-1-silenced PSCs had a significantly lower proliferation rate than the control PSCs (P<0.05) (Fig. 2C) .
Effect of galectin-1 on the migration of PSCs. PSC migration was assessed by the wound healing assay, a well-established in vitro system for assessing cell motility. A confluent monolayer growing in 24-well plates was wounded by scraping off the cells with a pipette tip, thus creating a space free of cells. The cells were allowed to migrate into the cell-free area. In the presence of 5% FCS, the migration of galectin-1-overexpressing PSCs (P<0.05) was significantly greater than that of the control PSCs. The migration of galectin-1-silenced PSCs (transduced with sh1RNA and sh2RNA) was significantly lower than that of the control PSCs (P<0.05) ( Fig. 2A and D) . The migration ability of the different groups of PSCs was further confirmed by the Transwell assay. The results of this assay also revealed that the migration ability of galectin-1-overexpressing PSCs was significantly greater than that of the control PSCs, and that the migration ability of the galectin-1-silenced PSCs was significantly lower than that of the control PSCs (P<0.05; Fig. 2b and E) .
Effect of galectin-1 expression on the level of MMP-2, TIMP-1 and other fibrosis-associated factors in activated
PSCs. In pancreatic fibrosis, there is an imbalance in the synthesis and degradation of the ECM. MMPs and TIMPs are mainly responsible for the degradation of the pancreatic Immunohistochemical staining revealed that desmin (A1) was positively expressed while α-SMA (b1), fibronectin (C1) and collagen type I (d1) were negatively or weakly expressed in the normal pancreas, in which the expression profile was consistent with that of quiescent PSCs (A4-E4). In contrast, desmin (A2) was weakly expressed and α-SMA (b2), fibronectin (d2) and collagen type I (E2) were positively expressed in CP and PC tissues (A3-E3), in which the expression profile was consistent with that of activated PSCs (A5-E5). Quiescent PSCs were obtained on the second day and activated PSCs were obtained on the seventh day of the primary culture. In all the images, immunohistochemical staining is indicated by the brown diaminobenzidine color reaction and the sections are counterstained with hematoxylin. original magnification, x200. CP, chronic pancreatitis; PC, pancreatic cancer.
ECM. MMPs play a role in the degradation of collagen, while TIMPs have an inhibitory effect on MMPs (32) (33) (34) . our quantitative PCR and western blot analysis results indicated that in galectin-1-overexpressing PSCs, the expression of both MMP-2 and TIMP-1 was increased, but the expression of TIMP-1 increased to a higher degree than the expression of MMP-2 (P<0.01; Fig. 3A and b) . In addition, galectin-1-overexpressing PSCs also revealed an increase in the expression of fibronectin, collagen type I and α-SMA ( Fig. 3A and b) , which are fibroblast markers that are strongly expressed in activated PSCs, as well as TGF-β1 expression and Smad2 phosphorylation. In contrast, in galectin-1-silenced PSCs, the opposite effects were observed ( Fig. 3A and b) ; lower galectin-1 expression resulted in lower MMP-2 and slightly lower TIMP-1 expression in galectin-1-silenced PSCs than in the control PSCs (P<0.05; Fig. 3A and b) , but a significant decrease was observed in the expression of fibronectin, collagen type I and α-SMA. Collectively these results indicated that overexpression of galectin-1 promoted the fibrosis of activated PSCs by tilting the balance of MMP/TIMP expression in favor of TIMP and that galectin-1 silencing reversed this effect on the progression of fibrosis.
Endogenous galectin-1-induced fibrosis of activated PSCs via the TGF-β1/Smad signaling pathway.
As aforementioned, galectin-1 overexpression in PSCs resulted in an increase in both TGF-β1 and Smad2 expression and was also associated with MMP/TIMP imbalance. It is not clear whether the TGF-β1/Smad2 signaling pathway is directly associated with MMP/TIMP imbalance and fibrosis of PSCs. Therefore, in order to shed light on the role of this pathway in pancreatic fibrosis, control, galectin-1-overexpressing and galectin-1-silenced PSCs were treated for 48 h with Sb525334, which is a selective inhibitor of TGF-β receptor I (ALK5, TGF-βRI). This agent inhibits TGF-β-induced ALK5 serine/threonine kinase activity, thus preventing the phosphorylation of Smad transcription factors and their subsequent gene activation (35, 36) . The following results were observed: although Sb525334 had no obvious effect on the expression of TGF-β1, it inhibited the phosphorylation of Smad2 that was induced by TGF-β1 and reversed the imbalance of MMPs/TIMPs. Furthermore, it decreased the expression of fibronectin, collagen type I and α-SMA. These findings were observed in all corresponding PSC groups (over, control, Sh-1, Sh-2), which have significant differences compared with prior to using the TGF-β inhibitor ( Fig. 3C and D; Fig. 4 ). This could prove that TGF-β1/Smad pathway is essential for the fibrosis. As aforementioned we have clarified the relationship between galectin-1 and TGF-β1/Smad2 expression. In addition, in the present study, upon applying the TGF-β1 inhibitor, we observed that the subsequent effects were not dependent on whether galectin-1 expression was up-or downregulated. Thus, The MTT assay revealed that the proliferation rate of the over group was significantly higher than that of the Control group and that the proliferation rates of the Sh-1 and Sh-2 groups were significantly lower than that of the Control group. these results indicated that it was endogenous galectin-1 that induced TIMP expression by stimulating the TGF-β1/Smad signaling pathway, which decreased the degradation of ECM and increased the expression of fibronectin, collagen type I and α-SMA, thus promoting the progression of PSC fibrosis.
Discussion
This study aimed to investigate the effect of PSC-derived galectin-1 on fibrogenesis in CP/PC tissues and the underlying mechanisms. Fibrosis plays a vital role in the formation of tumor microenvironment and initiation of tumor angiogenesis (37) , therefore the reversal of pancreatic fibrosis could be efficient for CP/PC treatment (8) . however, to date there are few therapeutic targets for the treatment of pancreatic fibrosis. We found that galectin-1 was expressed in CP/PC tissue and activated PSCs in vitro and that negative galectin-1 expression was observed in normal pancreatic tissue and PSCs in the quiescent state. Furthermore, we demonstrated that PSC-derived galectin-1 promoted the progression of fibrosis in PSCs via stimulation of the TGF-β1/Smad signaling pathway. Collectively, these results indicated that PSC-derived galectin-1 may serve as a potential biomarker in therapeutic interventions for CP/PC.
Previous studies have revealed that endogenous galectin-1 expression is strongly induced upon activation of PSCs (21, 24, 25) . In accordance with these results, the immunohistochemical results of the present study also revealed strong galectin-1 staining in CP/PC tissues and activated PSCs. These findings indicated that PSCs play a role in pancreatic fibrosis in CP/PC and that galectin-1 derived from PSCs may play a critical role in the progression of fibrosis in CP/PC. Furthermore, endogenous galectin-1 was found to significantly increase the mRNA expression of collagen type I and fibronectin in PSCs. These results indicated that endogenous galectin-1 induced the expression of soluble collagen and fibronectin by increasing their secretion or increasing the rate of their degradation. Thus, by altering the balance between ECM protein secretion and synthesis, endogenous galectin-1 may induce collagen and fibronectin synthesis in the ECM. Previous studies have revealed that collagen degradation promoted the regenerative response of hepatocytes during resolution of liver fibrosis (38) . Thus, endogenous galectin-1 in PSCs may induce pancreatic degradation in patients with pancreatic injury by accelerating collagen synthesis.
Previous studies have revealed a 4.5-fold increase in galectin-1 mRNA expression (p<0.01) in CP/PC samples compared with normal controls, as well as upregulation of galectin-1 in fibroblasts. These findings indicated that galectin-1 plays a role in tissue remodeling in CP (39) . In addition, PSCs exposed to exogenous galectin-1 proliferated at a higher rate and synthesized more collagen than the control cells (7) . The present study also revealed that endogenous overexpression of galectin-1 in PSCs resulted in a significant increase in the proliferation and migration of PSCs. Furthermore, it resulted in an increase in the expression of TGF-β1 [a known key profibrogenic factor (2)] and the phosphorylation of Smad2 and a consequent increase in the expression of fibronectin, collagen type I and α-SMA. Contrasting results were observed in PSCs in which the expression of endogenous galectin-1 was silenced. Furthermore, the treatment of PSCs with Sb525334, a selective inhibitor of TGF-β receptor I, resulted in the inhibition of the phosphorylation of Smad2 (induced by TGF-β1) and as a result, the expression of fibronectin, collagen type I and α-SMA was also decreased. In accordance with these findings, it has been reported that galectin-1 may promote the TGF-β1-induced differentiation of fibroblasts by sustaining nuclear localization of Smad2 and that knockdown of galectin-1 could decrease the phosphorylation and nuclear retention of Smad2, which may prevent the differentiation of fibroblasts (40) . The TGF-β/Smad signaling pathway has also been implicated in fibrosis development in a previous study (41) . Collectively, all these results indicated that endogenous galectin-1 in PSCs significantly interacted with the TGF-β1/Smad2 pathway in a positive feedback loop, which may accelerate fibrosis of activated PSCs. Furthermore, TGF-β1 may be a key promoter of ECM production and deposition of collagen type I and could trigger a Smad-dependent pathway to control galectin-1-induced pancreatic fibrosis in PSCs. Thus, TGF-β1 and galectin-1 may work in synergy to tilt the balance towards fibrosis in CP/PC (42). Therefore, galectin-1 expression in PSCs may present a potential therapeutic target for the antifibrosis treatment of CP/PC.
In the present study, we also examined MMP-2 and TIMP-1 synthesis by transformed cultured PSCs and their regulation by TGF-β1. A significant role in the pathogenesis of PC and CP may be attributed to metalloproteinases (MMPs). The cellular basement membrane (bM) and ECM consist of collagen, laminin, elastin, fibronectin and proteoglycans which are subject to MMPs degradation (43) . degradation of the ECM is an essential step in tumor invasion and metastasis. Each MMP has different substrate specificities within the ECM and is important in the degradation of ECM. MMP activity is dependent on the levels of activated MMP and TIMPs (44) . In the present study, our data revealed that galectin-1 induced an increase in MMP-2 secretion and an even greater increase in TIMP-1 expression in PSCs. Thus, galectin-1 facilitates the synthesis of ECM proteins by enhancing MMP activity, which has a pro-fibrogenic effect. There are several explanations for this effect. Firstly, MMP-2 is considered as an autocrine growth factor for stellate cells. Thus, increasing MMP-2 secretion may result in an increase in the number of PSCs and consequently induce collagen synthesis. Secondly, MMP-2 degrades normal basement membrane collagen (type Iv); an increase in MMP-2 secretion may therefore, induce the deposition of pathological fibrillar collagen in the gland. however, TIMP-1 counteracts these effects and contributes to the development of pancreatic fibrosis. Therefore, when TIMP-1 expression is higher than MMP-2 expression, as observed in the activated PSCs in the present study, MMP activity is inhibited to some degree and the balance between ECM synthesis and degradation tilts towards fibrogenesis. These findings were similar to the above-mentioned studies and demonstrated that galectin-1 may play an important and hitherto unappreciated role in inducing pancreatic fibrosis (40) . This is the first study to investigate the effect of endogenous galectin-1 expression in PSCs in the fibrotic pancreatic tissue. by increasing the number of PSCs in the injured area and by promoting ECM synthesis, galectin-1 may act as a pro-fibrogenic protein in the process of injury of pancreatitis (Fig. 5) . Further investigation into the molecular mechanisms and pathogenesis of pancreatic fibrosis using animal models would provide a better understanding of the process of fibrosis and clarify the adverse role of galectin-1 in pancreatic injury. This would be important in the development of novel approaches to antifibrotic therapy. Furthermore, the present study highlighted the role of galectin-1 in regulating the level of the fibrogenic cytokine marker TGF-β1 and MMPs in the pathogenesis of CP/PC. This could mean that genotypes corresponding to high TGF-β1 production may be associated with fibrogenesis in CP/PC (45, 46) . based on the data presented in this study, we propose a mechanism for the induction of fibrosis by activated PSC-derived galectin-1 in CP/PC (Fig. 5 ): upon stimulation with a variety of pancreatic injury factors, quiescent PSCs were activated and their proliferation and migration were induced. Furthermore, the TGF-β1/Smad signaling pathway was induced, which increased the expression of fibronectin, collagen type I and α-SMA and altered the MMP/TIMP ratio. These events resulted in the reduction of ECM degradation and promoted fibrosis in CP/PC.
In conclusion, the findings of the present study indicated that PSCs and galectin-1 may have a potential for selective therapeutic treatments targeting fibrosis in CP/PC.
